Since 2001, the World Health Organization classification for hematopoietic and lymphoid neoplasms has provided a framework for defining acute leukemia (AL) subtypes, although few populationbased studies have assessed incidence patterns and patient survival accordingly.
Introduction
Acute leukemias (ALs) account for ϳ 20 000 cancer diagnoses and 10 000 deaths annually in the United States, 1 but the etiology of most ALs remains unknown. 2 Descriptive epidemiologic studies can provide insight into etiology, identify susceptible populations, and provide information about patient survival in the general population, but to be informative are reliant on reproducible classification systems that allow for precise diagnoses. The World Health Organization (WHO) developed a consensus-based classification for hematopoietic and lymphoid neoplasms that defines distinct diseases by incorporating information on cell lineage, morphology, immunophenotype, and clinical and genetic features. 3 Since its introduction in 2001 and update in 2008, the WHO classification has provided a framework for reproducibly defining hematopoietic and lymphoid entities worldwide. 3, 4 Although a few population-based studies recently have analyzed the incidence of AL using the WHO classification, none have included data beyond 2002 5, 6 or characterized both incidence and survival by subtypes of AL. Despite limitations in cancer registry data, such as lack of centralized pathology review and potentially more limited diagnostic evaluation in the general population than in clinical trials, other studies using population-based cancer registries have successfully assessed patterns of hematologic malignancies and related disorders using various disease classification schemes for these neoplasms. [5] [6] [7] [8] Therefore, we sought to substantially extend initial population-based reports and provide the first comprehensive assessment of childhood and adult AL incidence and patient survival in the United States, guided by the WHO classification. We include AL cases diagnosed during 2001 to 2007, thereby maximizing the proportion likely to have been characterized with immunophenotyping and cytogenetic studies and treated with modern therapies and supportive care. An important clinical and public health objective of our population-based analysis was to identify whether subtype-specific incidence rates suggested biologic differences, etiologic differences, or both and to identify whether opportunities exist for improving diagnostic assessment and therapeutic interventions for particular subpopulations with AL. Figure 1 ). Guided by the WHO classification, we considered individual AML subtypes (specified in Table 2 ), including "group 1" (AML, not otherwise specified [NOS] and related entities, including myeloid sarcoma), "group 2" (entities with associated cytogenetic abnormalities), and "group 3" (AML with myelodysplasiarelated changes and therapy-related myeloid neoplasms, including therapyrelated myelodysplastic syndrome [MDS] , NOS since the 2008 WHO classification considers therapy-related AML [t-AML] and therapy-related MDS [t-MDS] as a single biologic entity). 4 All morphology codes for ALL/L (M-9727-9729, 9835-9837; Table 1 ; Figure 1 ) were newly introduced with ICD-O-3. We considered ALL/L subtypes with similar immunophenotypic characteristics (B cell, T cell) within the same category, based on the premise that the WHO considers leukemias and lymphomas different manifestations of the same disease. 3, 4 We were able to further classify ALL/L of unknown lineage (M-9727, 9835) into B-cell or T-cell subtype based on available immunophenotyping information (specified in Table 2 ). We considered acute undifferentiated leukemia (M-9801) and acute biphenotypic leukemia (M-9805) within the category of AL of ambiguous lineage (specified in Table 2 ).
Incidence
We calculated age-adjusted incidence rates (IRs) per 1 000 000 personyears, IR ratios (IRRs), and 95% confidence intervals (CIs) using the Incidence Rate Session in SEER*Stat Version 6.5.2 (www.seer.cancer.gov). All IRs were age-adjusted to the 2000 US standard population. We excluded from analysis 4.8% of cases (n ϭ 1485) that were not specified to be microscopically confirmed, of which 66.3%, 9.8%, and 24.0% were classified as AML, ALL/L, and AL of ambiguous lineage, respectively. We included in our analysis all cases of AL, whether diagnosed as a first primary or subsequent malignancy. Of note, however, before 2010, the SEER Program did not collect information on AL that developed subsequent to a diagnosis of another leukemia (eg, AL after chronic myelogenous leukemia), MDS, or myeloproliferative neoplasm. IRs were calculated overall and according to sex (male, female), age (Ͻ 1, 1-4, 5-19, 20-39, 40-59, 60-74, and Ն 75 years), race/ethnicity (non-Hispanic whites, Hispanic whites, blacks, Asians/Pacific Islanders [APIs] , and other/unspecified), calendar year, and leukemia subtype (specified in Table 2 ). Age-specific IRs were plotted on a log-linear scale using the midpoint of each specified age group (Ͻ 1, 1-4, 5-14, 15-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and Ն 85 years). IRs based on fewer than 10 cases are not shown in the tables and figures, similar to international convention.
Survival
To evaluate patient survival after a diagnosis of AL, we restricted the cohort to patients diagnosed during 2001 to 2006 (rather than 2007) and followed them for vital status through 2007 (n ϭ 25 428). We excluded cases of AL diagnosed as a second or later primary cancer (n ϭ 3921) or during July to December 2005 in Louisiana because of population displacement from Hurricane Katrina (n ϭ 93), reported only by death certificate or autopsy (n ϭ 10), with unknown age (n ϭ 1), or with unknown survival time (n ϭ 64). Through active tracing, the SEER Program has been successful in attaining more than 97% follow-up for vital status. Cause-specific survival is a measure of net survival in the absence of other causes of death; observed survival is the probability of surviving all causes of death for a specified interval; and relative survival (RS) is the ratio of the proportion of observed to expected survivors in a comparable cohort of the general population. We focused our analysis on RS that is not reliant on a potentially inaccurate cause of death, accounts for the underlying disease process or ensuing associated complications, and provides a basis for comparison in the general population. The actuarial method in the SEER*Stat Survival Session was used to estimate 1-and 5-year RS and 95% CIs using monthly intervals. RS was calculated according to leukemia subtype Table 1 ). AML IRs demonstrated a bimodal age pattern, with an initial peak among infants (Ͻ 1 year, IR ϭ 19.9), Figure 1 ). Among blacks and APIs, the initial age peak occurred at 1 to 4 years; thereafter, IRs nadired at a slightly younger age among blacks and API males than API females. IRs for ALL/L followed different patterns by race/ethnicity and age. Hispanic whites had the highest incidence of ALL/L (IR ϭ 24.9), which was 50% higher than the incidence among non-Hispanic whites; blacks had the lowest incidence of ALL/L (IR ϭ 10.2), and non-Hispanic whites and APIs had intermediate IRs. ALL/L also was associated with a bimodal age pattern, but unlike AML, the initial age peak occurred among children 1 to 4 years of age with a decline at ages 20 to 59 years, followed by a modest rise in IRs at ages Ն 60 years. The ALL/L predominance among Hispanic whites was absent in infants but was noted across virtually all older age groups.
AL subtypes and sex. Incidence of AML was 48% higher among males than females, with a male predominance noted for all 3 AML groups ( Table 2) . With the exception of therapy-related myeloid neoplasms, which occurred approximately equally among males and females (male-to-female IRR ϭ 0.99), all other AML subtypes had higher IRs among males, with male-to-female IRRs ranging from 1.08 for acute promyelocytic leukemia (APL) with t(15;17) to greater than 2.0 for AML with myelodysplasia-related changes and acute erythroid leukemia. APL with t(15;17) IRs were ϳ 20% lower among men than women up through ages 25 to 34 years, and at older ages IRs were generally higher among males (data not shown); however, only among the 75-to 84-year age group (male-to female IRR ϭ 1.66; 95% CI, 1.12%-2.47%) did IRs for APL with t(15;17) differ significantly by sex. Similar to AML, ALL/L also was associated with higher IRs among males than females (IRR ϭ 1.33) . The male-to-female IRR for T-cell ALL/L was 2.20, significantly greater than that for B-cell ALL/L (IRR ϭ 1.20) or ALL/L of unknown lineage (IRR ϭ 1.34).
AL subtypes and race. Compared with non-Hispanic whites, IRs of most AML and ALL/L subtypes were lower among Hispanic whites, blacks, and APIs (Table 3) . Notable exceptions included significantly higher IRs for APL with t(15;17), B-cell/ALL/L, and ALL/L of unknown lineage among Hispanic whites compared with non-Hispanic whites (Hispanic white-to-non-Hispanic white IRR of 1.28, 1.64, and 1.49, respectively). Although differences were not significant, AML with inv(16) and acute biphenotypic leukemia IRs were more than 10% higher among Hispanic whites than non-Hispanic whites; acute megakaryoblastic leukemia and acute undifferentiated leukemia IRs were more than 10% higher among blacks than non-Hispanic whites; and acute megakaryoblastic leukemia, AML with t(8;21), and AML with 11q23 abnormalities IRs were more than 10% higher among APIs than non-Hispanic whites.
AL subtypes and age. Age-specific incidence of subtypes of AML, ALL/L, and AL of ambiguous lineage are depicted in Figure  2 for all races and sexes combined. A bimodal IR pattern with an initial peak in infancy (Ͻ 1 year) was apparent for AML, NOS; acute myelomonocytic leukemia; acute monoblastic and monocytic leukemia; and acute megakaryoblastic leukemia. A slightly older initial age peak (1-4 years) occurred for B-cell ALL/L, ALL/L of unknown lineage, acute undifferentiated leukemia, and acute biphenotypic leukemia; an older (5-14 years), less prominent age peak was noted for T-cell ALL/L. In contrast, several AML subtypes occurred rarely in infancy and childhood, including AML with 11q23 abnormalities, AML with myelodysplasia-related changes, therapy-related myeloid neoplasms, acute erythroid leukemia, acute panmyelosis with myelofibrosis, and myeloid sarcoma. 
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In adulthood, most AML subtypes increased sharply with advancing age, although a more attenuated rise in incidence with age was suggested for AML with inv(16) or t(16;16) and APL with t(15;17). Although only a subtle rise in incidence at older ages was suggested for B-and T-cell ALL/L, the incidence of ALL/L of unknown lineage rose prominently beginning in mid-life. 
Relative survival
AML: subtypes and age. Infants (Ͻ 1 year) with AML had less favorable 1-and 5-year RS than older children and adolescents (1-4 and 5-19 years). This exception aside, beginning at 1 to 4 years, RS decreased progressively with increasing age at AML diagnosis (supplemental Table, available on the Blood Web site; see the Supplemental Materials link at the top of the online article). Based on broader age groups, a similar pattern of progressive decrease in patient survival with increasing age at diagnosis was observed for most AML subtypes (Figure 3 ; supplemental Table) . Compared with all other subtypes of AML, for each age group studied, 5-year RS was most favorable for APL with t(15;17) and AML with inv(16). Survival also was favorable for AML with t(8;21) among individuals less than 20 years of age but intermediate among older age groups. Most AML group 1 subtypes had intermediate 5-year survival for age groups less than 60 years; prognosis was uniformly poor (RS Ͻ 10%) for patients diagnosed at ages 60 years or older, with the exception of acute panmyelosis with myelofibrosis and myeloid sarcoma. Among each affected age group, patients with acute erythroid leukemia tended to have the least favorable survival. In contrast to most other AML subtypes, survival for APL with t(15;17) decreased precipitously within the first 2 months of diagnosis, most prominently among the oldest age group, but thereafter remained generally stable over the ensuing 5-year period. ALL/L: subtypes and age Similar to the pattern observed for AML, infants (Ͻ 1 year) with ALL/L had worse survival than older children and adolescents (1-4 and 5-19 years). Among ALL/L subtypes, children 1 to 4 years of age had the highest survival for all subtypes; thereafter, survival decreased with increasing age at diagnosis, with a relatively notable decline in survival beginning at For personal use only. on April 8, 2017 . by guest www.bloodjournal.org From lineage decreased markedly with advancing age. Most notably, individuals 60 years of age or older with acute undifferentiated leukemia, the most commonly affected age group, was particularly poor, with a 5-year survival rate of 3%.
Discussion
In the first comprehensive, population-based analysis of incidence patterns of AL subtypes and patient survival in the United States guided by the 2001 WHO classification scheme, we observed substantial differences in incidence among AL subtypes by age, sex, and race/ethnicity. Infants and children demonstrated increased susceptibility to ALL/L and some, but not all, AML subtypes, with variation in the age at occurrence of the initial incidence peak. Age patterns in adults also varied among AL subtypes with respect to the rate of rise in incidence with advancing age. Most, but not all, AL subtypes predominated among males and non-Hispanic whites. Despite the 43.9% of AML, NOS and 17.2% of ALL/L of unknown lineage, these frequencies have decreased compared with prior SEER-based studies. 6 is consistent with increased use of immunophenotyping, reporting of immunophenotype to cancer registries, or both. We found that AL survival was highly dependent on age at diagnosis and notably less favorable across all subtypes among individuals diagnosed at 60 years of age or older. Among AML subtypes, survival was highest for group 2 entities, particularly for APL with t(15;17) and AML with inv(16) for most age groups. B-cell ALL/L had more favorable survival than T-cell ALL/L among the young, whereas the converse occurred at older ages. We conclude that AL subtypes defined by the WHO classification have distinct incidence and survival patterns pointing to biologic diversity and etiologic heterogeneity.
The striking differences in incidence patterns among AL subtypes by age are strongly supportive of etiologic heterogeneity. Certain subtypes demonstrated a bimodal incidence pattern by age, with variation of the initial peak from infancy (Ͻ 1 year) to early or later childhood (1-4 or 5-14 years, respectively). In contrast, some AML subtypes occurred rarely in infancy and childhood and increased exponentially with advancing age. Acute megakaryoblastic leukemia, acute panmyelosis with myelofibrosis, and AML with 11q23 abnormalities were largely limited to the adult population, although the early-onset age peak of acute megakaryoblastic leukemia we observed at ages less than 1 and 1 to 4 years is consistent with the median age of 23 months (range, 6.7-208.9 months) reported at a pediatric institution. 10 Similar to our findings, other series have reported a median age of 42.5 years for adult acute megakaryoblastic leukemia 11 and 67 years for acute panmyelosis with myelofibrosis. 12 The age-dependent incidence patterns we observed are consistent with the age-specific patterns of recurrent chromosomal and genetic abnormalities that are a hallmark of AL. [13] [14] [15] [16] For example, the Philadelphia chromosome t(9;22) is the most common rearrangement in adult ALL/L, whereas high hyperdiploidy (51-65 chromosomes) and the t(12;21) translocation are the most common cytogenetic abnormalities in childhood ALL/L. In both infant ALL/L and AML, the t(4;11) translocation involving the MLL gene is the most common abnormality. However, 11q23 abnormalities involving MLL and various translocation partners are found across all ages. The multiple breakpoint positions within MLL have an age-dependent distribution, potentially accounting for the distinct biologic behavior of AL in infants compared with children and adults, despite phenotypically and cytogenetically similar disease. 17 11q23 abnormalities have been described in AML evolving from MDS, therapy-related AML, and in several subtypes included in the French-American-British classification. 3, 18 The prominent adult-onset age pattern we observed in AML with 11q23 abnormalities, as was similarly seen with therapy-related myeloid neoplasms, may reflect the higher incidence of therapy-related neoplasms and MDS among adults than children. Together, these observations suggest that for selected AL subtypes, information on age may merit inclusion in future WHO classification revisions, as has been suggested for lymphoid neoplasms where age has been closely associated with disease biology or etiology (eg, pediatric marginal zone lymphoma, Epstein-Barr virus-positive diffuse large B-cell lymphoma of the elderly). 4 The age-dependent incidence patterns further support the findings of Moorman and colleagues 19 who assessed age-specific patterns of AL according to cytogenetic classification and suggested that these patterns might provide insight into the number of required molecular abnormalities for leukemogenesis. Based on the observation of constant incidence of APL (n ϭ 149) across all ages, Vickers et al 20 hypothesized that a single, rate-limiting genetic event might be sufficient to initiate the disease, assuming a constant mutation rate with advancing age. Other population-based studies, 21, 22 and the findings we report, also suggest a slowly progressive rise in incidence of APL with advancing age, which in our study was less prominent than for most group 1 and group 3 AML subtypes. Together, these reports underscore the need to consider the cytogenetic classification of AL subtypes in future etiologic research.
The male predominance of ALs [5] [6] [7] 23 showed substantial variation among AML subtypes, ranging from similar IRs for males and females for therapy-related myeloid neoplasms (IRR ϭ 0.99) and APL (IRR ϭ 1.08) to more than 2.0-fold higher incidence among males than females for AML with myelodysplasia-related changes, acute erythroid leukemia, and T-cell ALL/L. Similar to findings in a recent study from Sweden based on 105 cases, 22 APL predominated among women at younger ages and among males at older ages, although sex differences in our study were nonsignificant across most age groups. It is notable that the male predominance in the incidence of AML with myelodysplasia-related changes parallels the estimated 70% higher incidence of MDS occurring among males than females. 24 Acute erythroid leukemia may arise de novo but may similarly evolve from preceding MDS, thereby possibly accounting for the male predominance we observed, as also reported in clinical series. 25 We noted the most prominent sex disparity for T-cell ALL/L, with incidence among males more than twice that among females. Notably, an inactivating mutation and deletions in that X-linked tumor suppressor gene PHF6 have been identified in T-cell ALL, 26 possibly contributing to the male predominance for this subtype. Future studies of genetic and hormonal characteristics, environmental exposures (eg, pesticides, fertilizers, benzene, formaldehyde, and tobacco products) and exposure levels are likely to provide insight into the sex differences observed by AL subtype.
Distinct racial/ethnic patterns by disease subtype support differences in host susceptibility among the ALs. Although non-Hispanic whites had the highest rates of most subtypes, we also observed significantly elevated rates among Hispanic whites for APL with t(15;17), B-cell ALL/L, and ALL/L of unknown lineage, consistent with most previous reports. 6, [27] [28] [29] An earlier study in the SEER Program found the incidence rates of APL among Hispanics exceeded that among whites among those under age 45 years but not among older ages. 30 Investigations of 3 breakpoint sites (bcr1, bcr2, and bcr3) of the PML gene involved in APL with t(15;17), have described significantly higher prevalence of bcr1 among individuals from Latin America compared with published reports of non-Latino populations in the United States and Europe. 31, 32 In addition, several recent genome-wide association studies of childhood ALL/L have identified risk loci with varying effects by racial/ethnic group for B-and T-cell ALL/L, 33, 34 further highlighting the importance of considering disease subtypes according to race/ethnicity and age in etiologic investigations.
Survival information and identification of prognostic features that influenced the WHO classification system of AML have been derived largely from clinical series. Our investigation, the first population-based study to comprehensively describe patient survival by AL subtype, revealed advancing age to be an important determinant for survival among nearly all AL subtypes. This overall age pattern is similar to the results for all AML subtypes combined, reported in other population-based studies. 8, [35] [36] [37] The 5-year RS of AML we report in SEER- 17 (2001-2006) was generally comparable to the 5-year RS reported in Sweden (1997-2005), 8 and notably improved among infants (Ͻ 1 year) compared with that previously reported in 9 SEER areas during 1995 to 1999 (RS ϭ 39.0; 95% CI, 18.7%-59.3%). 36 Individuals diagnosed with AML between 41 and 60 years of age in Sweden, had a 1-year RS of 61% 8 that compares with 1-year RS of 63% and 53% of AML in the SEER Program among individuals 40 to 49 and 50 to 59 years of age, respectively.
We found substantial variation in survival among patients with different AML subtypes. Individuals with group 2 AML subtypes (5-year RS ϭ 60.8%) had more favorable survival compared with group 1 or group 3 AML subtypes (5-year RS ϭ 21.1% and 13.3%, respectively), consistent with the prognostic significance of cytogenetics reported in clinical trials, where (15;17), t(8;21), and inv (16) emerge as favorable features among individuals of all ages. 38, 39 Notable variation in survival was seen for APL with t (15;17) according to age at diagnosis in our study, with 76% to 77% RS for ages less than 40 years, 68% for ages 40 to 59 years, and 43% for ages more than 60 years. We confirmed recent population-based reports, including a SEER-based study, of a high early death rate after a diagnosis of APL, particularly among older patients. 21, 22 Possible reasons to account for the early death rate in APL, including disease sequelae (eg, hemorrhage and hyperleukocytosis), treatment complications, lack of timely initiation of treatment, and other factors, have been reviewed recently. 21 Improving on the substantial heterogeneity that exists in the definition of treatmentrelated mortality across studies, 40 should help elucidate reasons for early death rates in APL reported internationally. In addition, of particular interest was the apparent worse relative survival in all except the youngest (Ͻ 20 years) age groups for AML t(8;21) compared with APL with t(15;17) and AML with inv (16) . Clinical series have reported similar overall (observed) 5-year survival among younger individuals (median age, 35 years; n ϭ 377) with AML with t(15;17), t(8;21), and inv(16) (63%, 69%, and 61%, respectively), although survival differences by AML subtype have been reported among older patients (38%, 35%, and 17%, respectively; n ϭ 78). 38, 39 Theoretically, a varying prevalence of KIT mutations in the general adult population with AML with t(8;21) compared with individuals participating in clinical trials could account, at least in part, for these findings. Notably, the adverse impact of KIT mutations on survival in AML with t(8;21) or inv (16) seems to be limited to adults. 41, 42 The overall survival patterns for group 1 AML subtypes were less diverse than the incidence patterns, perhaps related to the widespread use of cytarabine-and anthracycline-based therapy for all of these subtypes. 43 The 2008 WHO classification includes provisional entities that incorporate information on new cytogenetic abnormalities that may facilitate development of targeted therapies and predict survival. Although information on presumed prognostic markers (eg, NPM1 and CEBPA) is not considered within distinct entities in the current WHO classification, as additional clinical data accumulate, newly defined AML subtypes that incorporate this information may be included in future revisions of the classification.
Our population-based data support previous clinical series showing that infants and older adults have a less favorable prognosis than children and young adults with ALL/L. 44 Overall 5-year survival rates of ϳ 40% have been reported among adults with ALL/L, with individuals more than 60 years of age having 5-year overall survival rates of less than 10%. 45 New in our study was the ability to compare RS patterns for B-versus T-cell ALL/L. Among patients in the general population diagnosed with ALL/L at ages 1 to 19 years, we demonstrated significantly higher survival for those with B-ALL/L compared with T-cell ALL/L. These findings contrast with previous results from clinical trials showing that cellular phenotype is of less prognostic importance in childhood ALL/L. 44 However, for each age group 20 years or older, we found that T-cell ALL/L was associated with a more favorable survival than B-ALL/L, in agreement with clinical series that found significantly better 5-year overall survival for T-cell (48%) than B-cell survival phenotype (41%) among individuals 15 to 59 years of age. 45 The age-specific survival differences in B-cell ALL/L we observed may, in part, be because of the increasing prevalence of t(9;22) with advancing age, a well-described, poor prognostic feature. 46, 47 Notably, tyrosine kinase inhibitors have favorably affected survival of Philadelphia chromosome-positive ALL across all ages. 46, 47 The 2008 WHO classification proposed a new category for B-cell ALL/L with t(9;22)(q34;q11.2) that will allow greater insight into future studies of etiology and survival of this disease entity.
Strengths of our study include the large numbers of cases available in a population-based setting, thus avoiding biases related to referral patterns or population differences in clinical series. Furthermore, the large number of cases categorized using ICD-O-3 codes allowed us to evaluate incidence and patient survival guided by the WHO classification. With improved classification over time, we report more than 80% of ALL/L cases with known B-versus T-cell lineage, far higher than previous large studies. [5] [6] [7] Limitations of our analysis include the absence of a centralized expert hematopathology review. Although the proportion of AML, NOS was higher in an earlier report describing SEER data, 6 a sizeable number of AML cases in our study were classified as AML, NOS (44% of our AML group), particularly at older ages. It is plausible that elderly individuals, untreated patients, and those diagnosed outside major academic centers may have undergone less intensive diagnostic testing, and thus the AML, NOS category probably includes cases that should be classified to more specific WHO AML subtypes in groups 1, 2, and 3. In addition, the AML, BLOOD, 5 JANUARY 2012 ⅐ VOLUME 119, NUMBER 1 For personal use only. on April 8, 2017 . by guest www.bloodjournal.org From NOS group probably also contains cases with cytogenetic abnormalities that do not have a corresponding ICD-O-3 histology code. Although we are unable to differentiate AML cases that did not undergo complete diagnostic evaluation from those with abnormal karyotype but for which no ICD-O-3 code exists and those associated with normal karyotype, the frequency of AML with normal karyotype is reported to comprise 41% to 48% of cases of AML in other series. 38, 48, 49 The occurrence of group 3 AML (AML with myelodysplasiarelated changes and therapy-related myeloid neoplasms) is probably under-ascertained in these population-based data because the ICD-O codes for these entities were newly introduced in 2000, and history of previous cytotoxic therapy may not be reliably reported. As noted previously, our study does not include cases of AL occurring among individuals with MDS, myeloproliferative neoplasms, or other leukemias. A study of adults with non-APL AML in Sweden (1997 Sweden ( -2005 reported 24% of cases were secondary to prior hematologic disease. 35 Although we included in our incidence analysis patients with AL after nonhematologic malignancies (some of whom were treated with cytotoxic therapy for a first primary malignancy), these patients accounted for a small proportion (2%-5%) of the total number of cases and thus were unlikely to substantially bias the reported incidence data. Our survival analyses did not account for treatment which may, at least in part, account for the age-specific survival differences observed. Treatment with chemotherapy has been shown to be associated with improved survival and that use of chemotherapy is less frequent among older than younger patients. 50 In summary, in the first comprehensive, population-based assessment of AL incidence and patient survival according to the 2001 WHO classification, the heterogeneous incidence patterns by sex, racial/ethnic group, and most strikingly by age suggest that the WHO classification can discriminate between etiologically distinct AL subtypes, biologically distinct AL subtypes, or both. Our survival data by AL subtypes serves as a contemporary clinical resource for patients with AL in the general population. The notable influence of older age on survival across all leukemia subtypes highlights the need to develop nontoxic therapies and to include these higher risk individuals in clinical trials. The distinct AL incidence and survival patterns by subtype suggest that the WHO classification will facilitate future etiologic discovery, prognostication, and treatment advances.
